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Ir.troduct ion 
— - 

r^r^r i^: crraniii^d ar fcllov- . Part ere r.renent3 the researcl: 
•aticnale. 'IK- prcMer. f ror occiolc;'ical , reading: resterch, end crosc-cul- 
'^rul I ^-rrpect i vf- ir identified; the rece^u-cli cl.lcotivec are forriulated; 
N'i th.n tLr^ e arrurontr ccrjc-lr-r the evplsmntcry I'rarovcrk of the r.tr-.otur- 
r* rc}.ola::tic j-rforrarce arr- intrcduced; n^L-rely', the L-ociali zinr aif*>rence3, 
rmru^re factor::, and fiaretinn thinhinr stare arn;.T.ent£^ , Tart tv in con- 
r^r,<-d of th.ree :-u^ --ct icni: : one fomulatinr ^:'n auxiliary rodel ; one descriV- 
r.r the rcie of an^jyr;ir; ard one j^rerif-nt inr the rorearch reniUtn. Tart 
:r<'r^ ri] v^n^;rr:n:' t|,,. ♦ ',r.. r^'t ir;- 1 j cat ior c: !' tho reruJt;: nnd rur.'-'^-tr 

'I' * f ( ! i r- i f » ] i cj, f , i r r.: ■. . 



'.he lanruaj-e f-ictcrr nrK';r:r^nt, which, i- central to the purpose.-: of thic. 
oif^r, in intended to icjiilari-e the vorh of r:,L,. 1h.:-»:jrKe (1973-7^0 and 
nocdr.an ^9, 1.-^70, ) and to under] ine ti.e i r.portance of ti:e 

rrarative reading p^rrr-ctive herun hy Cra^' and extended Iv Taorndike 

1:^7^-^) ani r^o;;ninr f]^7'K 
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The rrcMer. 

The z-roolez: is3 idertified frcni three perspectives: the sociological, 
readinr re::earc]i, and cro:.'::-cultural. The paper focuses on the problem of 
tr:/ii:r to identify a set of ccrrjr.cn eJerents which explain the ^-ariahility 
]:: the multiple subject-r.atter outcomes of schooling. Four sociolcr;ical 
eirphas^G in addresslnr this problen, and throe associated consequences are 
briefly referred to. 

In the first place, the sociolori sts ' primary concern in addressing 
t::e cornitive outcomes of schooling probler. has been to promote particular 
sc:.oolr. of sociolorical/soci al psychological thought. Each school has 
identified one or r.ore operationali zed determinants of scholastic achieve- 
r.ent congruent with its theoretical enphasis, vhich intervene between the 
Iio.ne backgrounds of pupils and their eventual subject-matter competencies. 

fecondly, increased emphasis on the inequality theme in education, has 
resulted in close examination of the stratifying;: effects of differential 
group memberships - socioeconomic status, sex, ethnLrity/race , and inner-city/ 
suburban/ricnurlan residence - on a range of intellectual competencies. The 
notion is that equal educational opportunity exists, if, and only if, the 
^•riteria used in determining educational access and performance are madtr 
without reference to group r..emberships ; that is, where group membership - 
::<:h('Oi a<;b i'- vrr.»-rit rf-l at i ori::b i p:- arc effectively r.cro. 

It i:: noted, third, thct sociological research into theije matters has 
rep rr>r>ented discipline-oriented, in contrast with policy-oriented, research. 
Froblerr.G ori^rinate in the discipline or, m.ore accurately, the "school of 
thourht*' within the discipline. Pcsearch results are used to exterd dis- 
clrlirary frontiers, to eniiance personal academic i-eputa.ticns , and to moin- 
triii. j r.:--t I tut ionfil jrestige. 17>e rules of the academic rames governin?^ 
ccmjetition for the scarce resources - colleague esteem., international 
recornitiur, and r^-search rrantc - were played In the familiar academic 
am a. 

••curth, the larre-scale research efforts in tiui: direction, and t}:e 
].oct ef c-arbcn-cory cmaJ I scnl^ studios vl-.ich. fcllow^^d then, are v^ll Vncvn; 
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so are sone of the disappointing social policy interventions which floved 
from then. One consideration accounting for the discouraging results of 
educational policies designed to reduce educational inequalities through 
the pror.otion of conpensatcr^- educational treatments, is that fev of the 
sociolofically iinportant intervening variables have short-tern policy 
relevance. Thus, though hiosociol, synfcolic interact ionist or reference 
group theories of school achievement have generated operationalized inter- 
vening variables such as (a) ability and motivation, (b) self concept and 
teacher prophecies, (c) significant other's influence and ambition respec- 
tively, they have proved little r.ore manageable by policy-nakers and 
educational practitioners than "fixed" or noncontrollable social background 
factors . 

Tlie doctrinal reactions to educational reforms by the iiltra-conJ?ervatives , 
of which the Black Faper:^ in England are one example, and the nev-marxists 
ruch as Bowles an-a Gintis in the United States, has created an unanticipated 
pincer-like moven^nt which remains unchallenged by the public schools. A 
second consequence resulting from efforts to document school effectiveness 
were the largely negative findings of the Coleman, et_ al . (j966) report and 
the Jcnck55,£t al. (1972) study. 

V/hile crisis s^.inptom-:; abound , mocent but positive responses representing 
a mi(Jrjle-way persira. One such procedure involves the monitoring of innova- 
tive nocifil polic-y i^^gislation designed to solve problems. Evaluation of 
innovnlioii | rovifi'\' nr. inrorr.utlun l-ar^: wlii.ch mny l^-rui to furtlior innovation 
roquirlnf lurther rval'iation and ::o on - n pi'ocedurc leading to progressively 
r.ore rational solutions. Trie L, Vernat ional Association for the Evaluation of 
Kducr: ti.onf 1 Achiever.ent (lEA) has a mandate, through its charter, for ruch 
action." h: a series of recent technical reports the predictive value of 

IKA, incor]>crate(i in 19^1 under Belgian law, is a nonprofit, nongovernmental 
organlznticn wJilcli undertaken, educational and related research on an inter- 
ii'iticnal ricfuc in order to (a) examine educational problem*? comm.on to many 
countrif\';, and (>,) to provide evidence which m.ay help the improvem.cnt of 
educational oyst*^rn. :!aJor studies hy IKA analynts include: Husen, (ed.) 
vols. 1 Fc ? (l9bY); the Ploom Peport (II-C9); Ccmher & Keeves (1973); 
Thorndike (197::^^); Furves (1973); Feaker (1975); Carroll (1975); Torney, 
ei al. (197^-^); I'-wiL: and i:os::nd (l97f); Passow, et^ al. (1976); and Vnlker 
(197' ). 
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language factors in causal models of scholastic performance has been noted. 
In particular, the impact of reading conipetency on multiple suLject-matter 
achievements has been impressive. 

Reading operates as an intervening variable in the structure of 
scholastic performance in much the same way as some of the sociological 
variables except that it may be several times more powerful. Thus, the 
influence of social backgroimd factors may be almost entirely mediated by 
reading comprehension. One purpose of this study is to familiarize the 
reading research community with recent lEA-related research in the reading 
area. 

From a reading research perspective we note that before the beginning 
of the present decade, descriptions of the processes underlying the successful 
acquisition of reading competencies were dominated by "basic skills" explana- 
tionr:: which were, for the most part, policy-oriented. Thus, the research 
problems examined originated in the world of the educational practitioner 
and the research .alts were destined for return to the real world cf 
educational practice. D.H. Russell (1961) was representative of this approach, 
whicli supported the notion that reading is best viewed as a precise process 
involving the detailed and sequential perception and identification of letters, 
words, spelling patterns, and large language units. The notion was congruent 
with the belief that underlying comprehension in early reading are a number 
of "basic skills" such as meaning vocabulary, vord recognition, and grammati^ 
col u:^age which constitute the key ingredients in the effective teaching of 
reading. 

Vj''^ noto, too, that psychol inpinint ic Ihoorler. of reading behaviour have 
been formulated in the interim which, it is claimed, constitute alternative 
explanations of the reading process (cf. Athey, 1971). We have been particu- 
larly impressed by the seminal work of the Goodman's, with Carolyn Burke, 
who stand with, say, Carroll and Smith, at the Juncture of two disciplinary- 
oriented traditions;"^ namely, that stemming from the work of cognitive psychol- 

^ For representative examples of the worl; of the Goodman group see K. Goodman 
(1969, 1970, 1972) , K. Goodr.B.n and Burke (1969), Y. Goodm.an (l97l), and 
Y. Goodm.an and Eurke (1972). For other examples of work in the Fsrcho- 
linruicitic tradition applied to reading see Carroll (l970, 1971) and Smith 
(1971, 1973, 1975) . 
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OFTists such ac, Hochber^ and ?:olers , and that stenning froi- the vork of 
structural linguists such as Eioomfield, Fries, and Lefevre, and the trans- 
foraaticnal linguists such as Wardhaugh, In contrast with "basic skills" 
explanations, psycholinguists conceptualize reading as a selective procedure; 
as one in vliich the reader ur;es only part of vhat is on the printed page, 
plus vhat he already knows about the structure of language, and whatever 
background knowledge and experience he can narshal in order to gain ir.eaning 
from graphic display. 

Thus, the Goodnan's rosit that reading involves more than r.erely the 
identification of letters and words plus their associated ireanings in a 
precise and scquential^manner . Father, they note and demonstrate that reading 
involves the utilization of three cueing strategies in the selective process- 
in;: of available inf orrration ; narr.ely, information involving (a) the configura- 
tion of letters in a line of print, sentence or paragraph, (b) the syntactic, 
or granjnatical cues inherent in that line, sentence, or paragraph, (c) the 
senantic, or meaning cues associated with the reading material, and (d) the 
interrelationships of (a), (b), and (c) with the reader's background of con- 
ceptual and language data. 

Just a- wo suspect thai languane factor and social -psychological explana- 
tions of subject-matter competencies may be complementary explanations, so we 
r.uspect that "basic skills'" and psycliolinguist ic explanations of reading 
behaviour may be complementary rather than competing approaches. A second 
IMVicy.^r^ of Ihir ntudy, thon . i r: to conr.uU'V the coniributionr of roruiinr 
rc:u;arch to exidmialions of indiviciucl vnriabillty in reading ccrr.vreh('i:r ion ; 
and the extent to which readinr; comprehension m.ediates the effects of social 
background factors on a range of logically distinct siabject-matter outcomes 
of school Inr . 



^ Gee for example, Kolers (19^9), Hochberg (19TC), Hochberg and Brooks (1970), 
Bloomfield (I961), Fries (19^2), Lefevre (196U), and Wardhaugh (l9o9). 

not« thnt mathematics is similarly involved with both syntactic and semantic 
cunhur eiem.ents along witli the grapho-phonic . It may be that rrcblem-solving 
rkills - or intuitive understanding - so valued by the m.athematics teacher 
favourinr the heuristic mode of instruction, involves the simmltaneous 
application of mr3ther:nt i cal iv.Titay cues, m.atlicmat ical semantic cues and 
mnt^.ematicu] graphic cue:; which thj r,oodr;an':" sl'ov account for the develop- 
ment of reading ccni.etencies . 
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Fron a croGS-cullural percpective the question arises as to the repli- 
cability of the basic rnodel of the structure of scholastic perforr.ar.ee, 
fcmulated in one national system, in cultui^ally diverse systems. In 
particular, the question arises as to the extent to which reading ccripetency 
as an intervening varia^.le operates in a consistent fashion across cultural 
boundaries to account for sc'r.oolinf: achievenents . 

We rerard such questions as extensions of the pioneerinr work of Gray 
(1956), who examined the behaviour and processes in reading and writing in 
different cultures; and, nore recently, as complenentary to the cor^parative 
reading studios by Tnoi'ndihe (l973a) and Downinr (19T3). Like these prior 
studies, ve anticipate that the present research will raise more questions 
^haii it resolves ♦ 

Eesearcli Objectives 

Tliere has been no larr;e-scale attenpt to assess the relative effect of 
roadinr as an intervening^ varial'le in models of the structure of scholastic 
performance in diverse cultural settin£;s. In this study the subject-rr.atter 
outconer; of interest are the natural sciences - physics, cherilstry, biology 
- and practical work, ''International*' variables - that is, varinMes with the 
sar.e metric, f;athf'red by standardized instruments in different countries - 
are used to provide a tentative answer to the r;uef;tion: Is the structure of 
scholastic nchiever.ent in the natural sciences t]:e same in India - a Tliird 
V/f^rlH rrjutjlry - n:: in I-inr.l-uai - jin i ntiiK'.t r i rrl i r.cd oounti->''- lor 1^^ year-c^Jd 
I'oy:;? At this stafo of cur work the empf'asis ic a disciplinary one* Though 
ve anticiiQte that the research findin/^s will eventually have significant 
policy-mailing inplications for action pror;rarjines directed at wi thin-system, 
and wi thin-school resource allocation practices, ve do not address ourselves 
to the jclicy implications of the findin£:s in detail. 

In broad tcrm.s the objective of the study is to find preliminary answers 
to several sets of perplexinf questions concerned with the relative effects 
of differential sccializsticn, langua^re factors, and thinking stage explana- 
tions of performances in the natural sciences* Special emphasis is given to 
the relative effectiveness of reading competency as a predictor of scholastic 
Terformnnco . Thes*^ nuosticnr ii;clude th^^ following: 

1. To what extent is reading comprehension nn in^Iepencent function of the 
social background cliarneterist ics of pucils? 

8 
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2. To what extent is reading conprehension an independent function of 
(a) the acquisition of such basic language skills as meaning vocabu- 
lar:^', and (b) the pupil's piagetian thinkinr stp.^e? 

3. To what extent do neaning vocabulary' and thinking stage factors 
attenuate the relative effects of socioeconomic and other social 
background characteristics of pupils on reading comprehension? 

h. To vhat extent does reading comprehension, as a reasoning resource, 
nediate the effects cf (a) background factors, (b) meaning vocabulary, 
and (c) thinking stage; (i) for achievenent in science, (ii) for 
achievement in chenistry, (iii) for achievement in biology, (iv) for 
achievement in practical vork in science, and (v) for achievement in 
general science - a composite of (i) through (iv)? In other words, 
to what extent is the covariance between every possible two-way com- 
bination of the four natural science outcomes of schooling, a function 
of the direct and indirect effects of the background characteristics, 
r.eaning vocabulary levels, thinking stage, and reading as a set of common 
causes? 

5. V.^iat are the liimilarities end differences between 1^ year-old boys in 
England and India regarding the four aforementioned objectives? 

The answers to these questions will provide additional insights into the 
class-bia?ed schools tliesir. , the language factor and learning thesis, and the 
thinking stage and r;cience achievement thecals. 

hxT)lanatioiu- 

In this section of the parei' three commonly-asserted arguments promotive 
of ccliolastic excellence are examined. Though the proponent:' of tl^ese argu- 
m'.-'iitn torrJ G.-^rume that each represents a dircrote perspective, tliey will be 
treated] eclectically for heuristic purposes. The explanat ions are referred 
to ac>: (a) the rocializing differences argur;ent , (b) the language factors 
arrur:f.'::t , and (c) the thinking stage argument. Underlying th^ese arguments is 
the corjr.on theme th.at the family and the school successively and jointly 
provide the treatments whereby the biological, social psychological, and 
economic renource:; o*'' C!^Ildren are converted into school-related com.petencies ; 
which., in turr^, ronL^tilute the resource:; convertible thi'ourh nrprcni'i n t^^ 

9 
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opportunity ctructurec into Gubcenuent socioeconomic career attainments. 
Thus, for example, if readii:£: in the lliorndikes ' (1?1T, 1973-7^) sense, as 
reasoning:, is distributed unequally, its translation into subject-r.atter 
perforrnances vill l-e distributed unooually. 
^ . iJ ociali'^i Differences . 

The socialir.ation argiir.ont is based on the sir.plo premise that there are 
ccnc-i deral'lo vithin- and betveen-r:roup differences in child rearing; expecially 
in terms of the learning environments, and the associated economic and psycho- 
logical :-:urport coiiditionii, provided within the far.ily. Cuch differences 
r^'^vern the impact of schooling on the co£;nitive, affective, and conative out- 
comes of schcolinr. The notion is that the child's resources are converted 
i.nto additional resources (assets or liabilities) through interaction with the 
vithin-classroom learning environments. Eventually, the effectiveness of the 
vl tliin-family and vithin-school socialising; treatments determines the varia- 
bility in the zero-sum. distribution of scarce societal resources such as school 
achievement, socid prestl£:e, ^nd incom.e . One suc]t scliool related and, hence, 
policy manaf^oable resource, is reading com.petoncy. 

Tlie extreme scciali-inr differences position holds that a child's prorross 
through school is r.ore a function of social class - the father's status in the 
occupettionsl order - than of r.eritocratic criteria such as ability, effort, 
and motivation. The three factors which are corjncnly used as measures of tlie 
effects of socia] bacl'.rround.'^ are father's occupation (the socioeconom^ic i-tatus 
var1u]>]o), rrothej^'s and fath'^r'r; (or rv'ii'r«ntn.] ) orjucnl i on , and the family con- 
firur.-itirii ( ^-h*^ nurnfor unjl r;p:u'inr of eii i Idrt'ii ) . 

1 1; K.rmnlv.(- vocabulary terr.s the effect of the socioeconomic variable is 
attributalle to the fftct that socioeconomic L-,tat\is is a j^roxy for environmental 
complcAity and cultu:'al enrichment. Thus, j t is noted, in the first instance, 
that children from relatively complex hom.e socialising environments have the 
opportunity to develop more precocious m.eaninf; vocabularies throuf;bi the necessity 
cf l eir:r initiated into the coi.-jron lanfUQ/:e meaninrs tliat such enviroriirient s hold 
f''-^n trheir members. In tlie secona place, it is noted that material deprivation 
i hirhly eorrelale^l \riV.\ cultural impoverishment - at least in those economic 
^■'ysterr with hif^l-.Iy d eve lorded oorunutative ^^:chanismIS - and th^it the child's 
c al t u i^a ] c L r c urn s t ar: c e ^ : i i ] d^- e r r. i ne the o j^po r 1 1 1 r i t y at h.o r.e f o r lea r : i i n an d 
i'ru'jliclr.r r:chfjoi-r':' : '-■vj.r.t beh/iviC'Urr . 

10 
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In reading comprehension terms, though socioeconcnic status will have 
modest net effectc on reading, its major impact will be an indirect one as 
mediated hy the meaning vocabular3- variable. 

A similar logic prevails in the case of the other background factors 
- parental education and family configuration. Tlius , children whose parents 
are well--^ducated and, hence, higlily articulate, are likely to utilize more 
precocious language skills and codes than children whose parents are less 
well educated, ceteris paribu:: . It is believed, therefore, that the importance 
of early language learning for intellectual growth is more likely to be stressed 
and recogni2:ed by well-educated mothers; that these mothers will be m.ore skill- 
ful in the transmission of the primary learning elements required for decoding/ 
encoding j^recocity, than their less well-educated count ejrpart s . 

Tlie f?imily configuration sub-argument (Zajonc and Markus , 1975; Zajonc, 
19T^) is based on the postulate that different family configurations constitute 
different intellectual environments; hence, formulation of the proposition that, 
if the intellectual environment is the aggregate level of all family members* 
absolute intellectual contribution, then not only does it change continually 
as the children develop, but is a function of the number of additions or 
departures from, the fairiily and tlie spacing of children. The intellectual 
environment of the family is captured by the family configuration variable which 
viJi be related to vocabulary, thinl;ing stage, and reading resource acquisitions 
of cb.ildren. 
. [r\ \p Lanruace Factors Arrumont . 

F'uniiy :;o(: 1 r.il i ;:i rig d irrorcnccn oxf^leuiat i onr. addresr; the question cf how 
family envircnrrir-nts botli account for and translate the unequal biological, 
linguistic, and socioeconomic resources of children into unequal educational 
attaini::ents. Language factors such as those reprei^ented by "basic skills" and 
psycholinguistic explanations of reading competency constitute the basic learning 
resources of cliildren. These language factoi's include the cueing strategy var- 
iables - grni^ho-phonic , syntactic and semantic cues - and the "basic skills" 
varialaes - meaning vocabuIar:,r , word recognition, and grammatical usage - though 
their interrelationsl^ips in terns of reading com.prehension outcomes are im- 
perfectly understood. Nevertheless, they constitute linguistic resource assets 
which are i nequital^ly distributed and v;hich ncccunt to some considerable extent 
for tlie fact that children entering sch.ool each year do so with different levels 
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of the resources required as prerequisites to successful performances during 
the year. 

In the general case, tlie f^reater the lin£;uistic resource assets of the ■ 
pupil in terms of coping with the progressively nore complex environments of 
the school - especially in terms of subject-matter complexity - and the more 
effective the teacher treatments in relation to these primary resources, the 
greater the probability that the individual vill receive preferred treatm.ent6 
in the different settings at later grade levels. It follows that the primary 
linguistic resources are translatable in school settings into additional 
resources such as i^eading competencies, which in the form of "reading as 
reasoning" constitute a secondary resource asset. Reading on a priori grounds 
is a common cause cf the multiple subject-matter achievements of pupils at the 
upper-elementary and secondary school levels. It is the relative magnitude of 
this dependency which is assessed in the present study. 

The dependence of subject-matter performance on reading resources has been 
demonstrated in several studies. Thus, Ilauser (1971, pp. 77-8o) showed: (a) 
that the reading comprehension of Tennessee high school students was a powerful 
intervening variable mediating the distal effects of family background factors 
and mathematics, and (b) that the direction of the relationship was recursive, 
not reciprocal, ^.'imilarly, verbal reasoning is shown to mediate background 
variables and the relative importance of parents, teachers, and peers as sources 
of psychological support in accounting; for the observed educational inequalities 
<^V (\inrv\[:u\ fii^rli :;rlioo] :; liiflcnt,:; ( V/j 1 1 h-imr , 197:'). H.r.. 'f'hoi-ndlke {^^7^:l^ p. iCn) 
notc:i that inorjuali ties iti science and literature achievements are mediated by 
reading comprehension, and postulates that reading playr. a key role as a pre- 
dictor agent for more specific subject-matter areas. 

The linguistic factor thesis has been powerfully demonstrated in causal 
models of school achievement in literature by Bulcock (l97^), and Bulcock and 
Finn (1975). The importance of m.eaning vocabulary levels as predictors of the 
multiple outcomes of science performances - physics, chemistry, biology, and 
practical work - has been shown in a series of m.ultivariate models by Finn and 
Mattsson (197^0. Both meaning vocabulary levels and reading competencies were 
shown to be powerful intervening variablesin multivariate models of the structure 
of schola:-tic perfcrmanco In science and literature by Bulcock (1976) and 
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InGtnxrrritat ion -^u^-nt icT.c are briofly taken up in technical arpendix A; 
ar,.i t]*(? Gtntistica] results ar«* precented in the Tables of technical appendix 
r. It. in K,opt^d thai ly r'^l ?}r -'-t i nc routine procedural natterc to tiie appendices 
they vili, tl'er*^by, not interfere wit}) r.ulstantivc ccncerns. The evidence con- 
jtitutir.r the results, and ti^e Vasis for th*^ interpretations which follow, is 
therely prerrnted for th^ expert, but not in a way which intrudes on, jr 
irhibitr. , corciderat ion of rcre central ccncerns . 

P*ci tV.e r;C3t pai-t enaivsei; r<^volve around the development and test of 
ructurai equation nodf.l^: (e.^^. Blalock, 1971; Duncan, 1975) designed to be 
ir.cncr[hic with the auxiliary r.cdelF? and the verbal theories explaining the 
rtrprct;; of r^^adin^r and science perfomar.ce under exanination. Recursive models 
are lestr^d throurh t>*e ectir.aticn of rodel parar.eters ur;inp path analysis 
(Wright, IV:^; Duncan, I9CC), vhich is a generalization cf multiple linear 
r?^^:re;;i: i en e.tiraticn procedures to pystenr of ctttusally related variables. The 
J nr:\rr-t ei't; ere et tinat^d ns partial rrrressicn coefficients and interpreted 
nr rrarur'^G cT effect. 

The unstanlaruircd ret^renricn coefficients of all intervening variables - 
^r^rinr; vocabular:;, th.ir.Virr stare, and reading ccrprehensior. - are allcved to 
a/s^ure 1 ruVstanti^'e r.-carinr th.at is unccnr.on in studies conpcsed of set" of 
viriaMrs, ^ach character! red by a different retric. This is because they are 
to b** inputted as percer**^re5 in a rK?del where the four dependent variables are 
nl/o trro'^ntar'^ r*"urur»\*. lici-', n uni* rhnnr'" i * -'^y^ r^^ndinr crr]^r*"hf^r:r ion , 
v;ii r^'f'r ^ ^- a jerc^nt ar'^ unit. fince \inrt nndard i red ccefficientr ai'e inter- 
jr^tabl*^ ar tlie u^ii^ue influcnre of a varialle, given controls over other variable 
ir: tbp r.odel , the firiinirs nay be interpretable in such terrs ais : an ''x*^ percent 
ir J- rov*-r.:e!;t in readirr ccr.preh'^nsion will produce an ^'x'' percent inprcverent in 
rhysicc, ceteris paribus , and so on. Since the effects are edditive, the 
cGtiraticn cf the eff«^cts cf ceveral predictors sirultanecusly raker it possible 
t" '•^stirat'* rercur:re cccts 'in terns of expected natural science cutcor.es. 

Fcllcvinr Firrf- (I'^TT}, a r*»ccnd type of analysis is conducted, in which 
♦ ; rrc3c cr tct^.l ciTects cf the relationship betweeii tw-o variables is decomposed 
into three ir.d'^7'^r.->r.t ele-'xnt.' : (al the net or direct effect, (b) the indirect 
*^'"'"ect, -ir! f^'' n n:r.-cnM.-'-l r^ur ir^u:"^ ccrpcrert. The first Ivo elements (a and b) 
-..ay te r-™-d ♦c r^rr^s^r.t the total causal effects (TCEs). n:e utility cf the 
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TCKg lies in the fact that tiif;' represent exact er.tir.aten of the total 
relative impact of explanatory variahlcc on the oiitconiec; of interest. TCEs 
r.ay he ranked for cunj ':.ra* L vo jurposrn. 

F i ndi n^s 

Zero-order- relations are prec^entcd in Appendix B, Table B-1. It ic noted 
th.at tfie arrcciationL- betweeii rradinr^ end all science cubtocts is £:reater than 

and that the rf'^adinir-overail science x^er forr.ance relationship has a 
c'jrrfl at i cn coefflci*^nt rreater than C.7. Tho relationships Vet ween t <\ckf round 
fn'-t.orii and natural rci^^nce perf oiT.aiices are as hypothesi r.ed. Tliur , the 
cc;*"'f t'i 'J i '■T-t,! in th.e 0.3 ranr^ for th.c father's occupation « natural science 
and father's cccupaticn - readinf relationships are about tlie sare order of 
r.*irnltudo as those reported in other industrialized nntioriS (cf. rlehh^rr nnd 
Fo::enthal , 1975) . 

'i'he thlrkinr :-*tare varlalle is stronrly ar^sociated vith achievements in the 
natural sciences with r.cst cceri'icients in the 0.^^ ranne. It is useful to note 
tf:at the j^ia£;etian variable is not overly deteministic - a fact probably 
dononstrat i r.r that natural science per fci^.ances in school settinfs do not always 
def>end on fhe ap];li cation cf iufrher order think ir.f processes; or, obversely, 
that roto recall ar;d kncwledre of rere infoiTaticn will (:o a long way in Bor.o 
school ry stems to account for cognitive achievenents . The high correlations - 
ill th* ^ ranr*^ - 1 *^twror; r.rrM:inr v^cahulrrn" and subtest per forrrancer. in roience 
ir pr: ft i ] 'w] y nd evo^'t^iy in v i '-w of the o'rpharir. placed on Inn^runr*^ factors 
ex J lar.'ut i ens . 

The advantar*^ cf Tal le B-2 is that the structural coefficients nay be 
Ir.terjrcted a;:^ r.easures of the unique influence of a variable, given controls 
over t!:e other variables in the r.odel. For exarple, because all the endogenous 
variables ir the rcdel - the interveninr variebies and the outcorr-e variables - 
■nre re en tare sccr'^s, the rerresrioti coefficients ray be interpreted as follows: 
an **x'' prrcent irprc ver.'^nt in, say, r^^adinr will lihely jrodiicc an ''x'^ j>ercent 
Irr rover.f^nt in sere cutccr.e - say, overall science perforrance - ceteris paribus . 
Take the scl'^rce cutrc^-e In "able r-". rcVu*-]: 1 in science provides the 
*-o.:*r*~ I c r c*^^ ^f ! f n*^ for '^nch cf the Tredictcr vr-riables in the rcdel cf 
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scholas^ao performance. With the important exception of the three source 
variables (kATIIOCC, rA.|<>:D, ATJD GIBSZ) the remaining predictors lend themselves 
to the following interpretation: a ten percent inprovement in reading conpre- 
henaion will produce i h.UQ percent improvement in science performance, ceteris 
paribus . Gince thr? model is an additive one it is possible to interpret the 
effects of reading and thinkinf^ in the following manner: if as a function of 
teacher treatments and pupil effort a ten percent ^ain in both reading and 
thinking performances was accomplished the net expected gain in science per- 
formance would be h,21 + 1.82 6.03 percent. 

School systems knowing this Kind of information could eventually estimate 
how resource costs night be weighed against expected outcomes in their planning 
of D^hool curricula, if it were thought that language factors were more policy 
manageable thcui thinking stage elements - e-g- more responsive to teacher treat- 
ments and the concomitant pupil effort - the expected impact of the combined 
language factors might be contrasted with the combined impact of reading and 
thinking. In this hypothetical example the language factors account for 
effects of .136 ^ Ji2i =.537 (versus .182 + .1*^:1 = .603) on science performance. 
The difference {.Oii(;) is modest. The decision to emphasit:*^ the teaching of 
the ]ari^T:nge arts including reading might be a sound one if thinking stage 
elements prove less nmenable to teacher treatments than language factors. Tliere 
can be little doubt, however, that the teaching of reading is of crucial 
importance in terms of pupil achievements in the natural sciences. 

The relative *?ffect of a predictor variable - i.e., relative to all other 
^.o'J«^3 f'r'^dic*^or5 i:.- .-jo*'''! in column TI which reports the path roof fi riont 
It i:5 noted tJu'it iti rorrs of overall science afhievL^mrnt rending !;ar: the most 
powerful net effect relative to the other predicators; followed by 

thinking (.rJ5) and meaning vocabulary (.I78) in that order. Heading has more 
trian twice the impact cn science than the thinking variable; and, incidentally, 
eight t ir.es the impact of father's occupation or any other background variable* 

Gince sor.e of the effects of the more distal factors are mediated by inter- 
veninr variables, their total causal influences may be underestimated on the 
basis of an cxaminaticn of their structural coefficients. Following Finney 
(l?7r^ the total causal effect (TCI:) of each predictc-r in the model is cal- 
culated (T*^-* H-'^) and ranked for comparative purposes (Table P-^). The utility 
^f th'^ T/Ts ! i*^s it. th*^ i^^^^ th-i* th-^y repr^Fcrt e?cact estimates cf the total 
relative ir.pact * Vot?; iircct and indirect «- on th«^ cutccres cf ititerrst. 
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Fron Colunn Table B-3, one notCG t}iat the direct effect of father's 
occupational status on science is a modest .056; wherei^s the tota.] caur.al 
effect - the direct effect, plus the effect of father's occupational status on 
science as mediated by the interveninf^ variables VOCAB, THIHK and BEAD - is .259. 
Though the TCE of FA'niOCC on CCIEIICE i:^ considerable, it is shovn in Table B-U 
that the TCKs of VOCAB, THirJK, and READ aro even greater. Siinilarly, it is 
shown in Table B^h that the ir.pact of the variables sterrjninc fron language 
factor and thinhinc sta^^e e.vplanaticns for the Ener:lish data is considerably 
r:rer.ter than for th.se steniminf: frcn sociali-ing differences explanations. 
y . India . 

It is noted fron the correlation natrix (Table B-1 ) that reading - natural 
science relationships in India lack uniformity. The correlation between reading 
urd biolcry is .27; correlations between reading and physics, and reading and 
practical work are in the 0.3-04 ranpe; and those between readinc and cher.istry, 
and readin^:; and total science perfonrance in the O.U-O.5 ran^e. Thou{];h the 
si^-nificance levels were less than .001, the unanticipated range in the r.ar,ni- 
tudes of tlie scores renain difficult to explain. 

Correlations between bacl:£-round variables and natural science perforr,ances 
w-re well below those anticipated, ^^lile findings regarding- the effects of the 
thinking stage variable were less prcbler.ut ic , the rodest strength cf the 
as:;ooiatLons (from .10 to .25) should be noted. The range of zerc-crder rela- 
tions between reaninr vocabulary on the one hand, and the natural science 
rKMu-vr'nr.or/:: on thr oMior, v-- con:;istrnt with th- language fnctorr oxplnnat icti . 
'i^Jif* 1'-: «-/i;i.>ric** Ir. rujj orl nt i ve of the con-jdenifntarity Ihei^is, where it xv 
noted thatthe effects cf the thiri:ing stage variable on all natural science 
outcor.es except practical work are statistically and substantively significant 
over-and-abcve the effects of the language factors explanations. 

Flxonircticn cf the TCEs of the source variables in India (Table H^3) confirm 
th*- nerligible effects of backgroun-^l factors noted frcn their ncro-crder r.easures 
cf association. In fact the family configuration variable had negligible effects 
cr, p11 or.acg'jrous variables. The TCEs of intervening variables, with the excep- 
tion cf thirkirr ar n, predictor cf reading and practical work, were either 
modern* e cr strcnr. ''est were ir. the O.T to O.U range arl sufficient to be 
^erard**'! --r b^inr cf .v^bstnr:* i^-'- . veil as :-t 5 ti st i ?al ^ s igni ''i c^T.ce . All 
those rel aticrshirr were in the hypctberlred directicr. 
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Note that in TCE teriric the effect:*, or the roaninf; vocabulary variable 
outranhed all other offectn on the natural sciericen. TCKr, of the reading 
variable were in second rank (Table B-i* ) and thinking Gtnge influences were 
in third ylccc. The impact of the intervening variables on practical work in 
:3cience were, howm^rr, noticoabJy lecn powerful than on physics, chenistry 
and biolcry. 

3. Kngland/India CompariGonn . 

r.imilarities clearly outweigh the differences. 'I'he most important 
differences to be noted concern the socializing explanation. \^ereac the 
TCtc of father's occupaticiial statue in England on all endof^enous variables 
were si^-:ni f leant - six out of the eight relationships in TCE terns were 
gr'^ater than 0.2 - the same was far from the case in India. Two of the TCEs 
of father's occupational ntatus in India were negligible; only cne was above 
0.1; and the rer.ainder were between .05 and •I which is regarded as being of 
narginal substantive significance. 

The effects of parental education in the India sample were similarly 
modest. Impact on meaning vocabulary, thinking, and practical work was 
negligible. Though in chemistry a TCE of .113 vas recorded, the remaining 
reIation:;hipG were of marginal importance. Cince all the nximber of children 
TCL's were negligible (Table D-U) the variable effectively played no part in 
accounting for the natural rcier:ce outcomer^. fucl^. a specification error - 
thRt of erroneous inclusion - ray be rectified ly respecifying the model as 
in Kir^ir^- I'.-l . In th*: renp'-ri ri<-d r<^;irl i,| o vocnl ulnry prui thinhlnr 

v*tr;-iM»-: n.r'^ rhcvn ar r-ource variables since there ore no asi'ccintivc 
T'^^latioru.hif r. between then or between them and the remaining background 
factors. Tliis leaves reading as the only r.ediating variable between four 
3curce vr.riables and four nn tural science outcomes. The evidence supports 
this r.cdel r^specif ication as beinr the r^cst accuratr representation of tlie 
structure of scholartic performance for 1^^ year -old boys in Hindi-speaKing 
Trdia. ' 



:•o<^ PcaJ-.or (1975) for details for the 3 stage sampling design for the 6 
Hindi -rT^«*aMnr rtnte.- samrled. There states contain approxir.Btely i^l? of 
the Tniian populntlcn. 
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A :;o<-ciid dirrnrtmce between the countri on eonceniG the extent tc which 
antecedent variables account for variance in natural cclence outcor.os. Thoufh 
in both countries the r.udel obviously an effective one for accounting for" 
science achieverrcni.,. tbo explanatory power of the Ennlir.h application 
(]!:ri\^ = 5';'.:') i:: f;ren..,.:.r than that of the Indian (lOOR''^ = 35.?). 

:-ir.ii;u- differences are noted in terms of th.e extent to which the antece- 
dent variables constitute a r.et cf corjr.on caunes accounting for the covariation 
between sui test perfornances in the natural sciences. Thus, it is noted from 
Table B-C that with the exception of the cher.istry-biolo^-j- relationship the 
fredictors in the hnrlish r.cdel of scholnstic perfornan.ee accounted for greater 
prcrortions of the covariance between natural science outconiec than did the 
c.™n rr-^clictors in the India rr.odel . The iredian proportion explained in 
Lncland was .U<} and in India .38. 

The three noted differences should not be exapp'^rated . Except for those, 
the r.odel of scholastic achievercnt in the natural,, sciences operated in the 
I-redictable way in both countries. Feadim: in Enfland was consistently the 
most powerful predictor of science achiever.ents ; and the same was true in 
India wi*h the exception of performance in biolocy. ^'-oct of the time, the 
tfiinkinr stare variobic had the next most powerful net effects when sirra] tar.e- 
ousjy con:.idering the effects of all ctl:er system variables. Thinkinf- was 
c^riJy r^arrinaily ahead of meani nr vocabularly InfJuences in tciT.s of direct 
effects. Vn,en the indirect effects of meaning vocabulary on natural science 
(-r'-(,mnc-s nr. mrdinted by thinhin,: and re.-uiip.- n,-e c< -vr u\rr,^d nr. in •!',,!, V-h 
■■• i. ^^l^'-vn Mr.L it.s Tr;.;:-. i„ |:,,,,-2nnd rit,.] Invii;, ran.), in first j.l-u-e. 



III. TNTCRPRETATrOifC 



Tliecretical Imr-licaticns 



In Lnrland, but not in Indi;=, readinc vas sirnif icantly influenced by 
variables renerated by sccializinr differences arguments. Even in Fncland the 
direct effects cf t!,- three f.n.-:ily background variables on reading were of 
rcdo,;t r.arnitude. Their tctal causal ofrocts , however, were several times 
larror as sliovn in "ab.le K-3. .-■r.ce V^.o ~Ch cf father's cccup^iticr'-l status 
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on reading lor the EncUcJi rrmjae was conGiderable , the quest ion arises 
whether English school::; are class biased institutions; that is, whether socio- 
economic status is nore important than merit in determining school achievement. 

The irrportance of the question stems from the fact that if English schools 
are class biased the societal effort necessary to implement educational reforms 
will be of a different orJer of magnitude than if the schools themselves con- 
trol the reformist mechanisms. Eackeround variables are not in the short term 
amenable to policy intervention. To clarify the problem three sources of 
evidence are available. First, zero-order relationships are presented between 
the first five predictor variables in the model and reading. 



TABLE 1 

ZEI-O-OHDI'R Hi:LAT10n;;iIIPC BETl>fEEN FIVE PREDICTOR VARIABLES 
AiJD HrADlUG: ENGL/dJD/inDIA/U. S . CC^!^ARIi^OIIS . ^ 



Rolntlonrhip 


Hnpland 


India 


UA-. 




• - ✓ 


.013 


.306 




.129 


.031 


.310 




-.166 


.033 


-.096 




.61.7 


.3a 


.606 




.V} 


.ol'<7 


ih) 



Wl.orr' Vj, = I'A'niOCC, X;. = PARED, X3 = iHir-Z, Xj^ = VOCAB , Xr, = THirac, 
and = RKAD. 

^ The r^^ relationship is not available for the U.S. The THINK variable 
vas cjnstructed frorr the distractors to four science test items, but in 
the U.G. 1^4 year-olds vho wrote the lEA science test did not write the 
lEA reading comprehension test. This means that the structure of 
scholastic performance model cannot be tested using the IEA-U.r>. data. 

Data in Table 1 from the lEA U.G. sample is included for co^.parati^'e 
uri»cser;. Second, the direct effects of the predictors are shown in a path 
rjdel (I'lf-ure P) . Third, tb.e total causal effect coefficients of the pre- 
lictors presented in Tnble j^-'i are ccr.rared. 
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FAlli MODHL OF KKADING COMppJ^IIENGION III ENGLAIID ATID INDIA^ 




I'uLh coefricicntn arc prccented alcove the paths. The top coefricient in 
for Fnf:'land in each ca?e. The regrecsion coefficients for VOCAB and 
raillF: only, are presented below the paths (cf. Table B-.2). 



The zero-order relationships between father's occupation and reading, 
and meaning vocafcular:.- and reading, are the same in the industrialized nations 
of Plngland and the U.S. Pelat ionshipr. between parental education and reading, 
and betveen number of children and reading are different in the industrialized 
nations. Though different background variables have different effects they 
are all outranked in nagnitude Vy tlie effect on reading of the neaning vocab- 
ulary variable. 
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A nioro ntring^nt test of the clasn Mfis thesjin involvon examination of 
the relative effect of each predictor vhile simultaneously taking other predictors 
into fjccount. Huch a test iii prenentod in Figure 2 where it is shown: (a) that 
father 'n occupational status in a more powerful predictor of reading than the 
other back^^ruund factors, and (b) that the effects of meaning vocabulary and 
thinking stage variables on reading are over six times and twice as powerful 
respectively as the father's occupation variable. 

It must be rcco^rnized, however, that some of the effects of the background 
factors on roadinf;; are indirect. For example, father's occupation influences 
meanin/^ vocabulary; similcirlv it influences thinking stage development; and it 
influences reading via these mediating pathways. In view of the potentially 
pow'>rful indirect effects of the background variables it becom^cs important to 
examine their total causal effectr as presented in Table B-k. It is noted that 
the direct effects are underestimates of the total effect of the background factors. 

nevertheless. Table B-U evidence does not support a class biased inter- 
pretation, but rather a language factor bias. The TCE ranking of FATIiOCC is 
behind that of VOCAB, but more important is the fact that the TCE for FATIIOCC 
ii^ less than half that of \'OCMi. It is inferred from these (Table B-h) results 
that the three explanations are complementary not competing notions. They 
are necessary, but rot sufficient, for explaining variability in reading in 
Enrland. Tliough socializing differences variables ere of substantive impor- 
tance their impact is lens than that of eitb.er the moaning vocabulary or the 
thiriking stage variables, ^^ue cannot reasonably conclude from, this evidence 
iAitit y^-ur,] \y.\\ I'chf'ol;: .'U'f:' r.l a:':*. biniUMl* 

Application of the sanie logic to the English natural science outcomes 
results in the sam.e conclusion in so far as the class bias thesis is concerned. 
V.'hat seems probler.atic is the failure of the socializing differences explana- 
tion in the case of India* The effects of the social background variables on 
meaning vocabular:/, thinkinf:, and reading are negligible. Literally, this 
reans that in India neitiier the material circuristances of the hcm.e, nor 
differences in parental education, nor the fanily configuration in terms of 
:uze, have effects cn variation in meaning vocabulary's, thinking stage, or 
reading comprehension. On the other hand, thinking and reading ere influenced 
by meaning vocabular;/ . 



Several ox-jont-l'acto considerations are compatible with these findings. 
In the first place, it is conceivable that the effects of social background 
factors may already have occurred prior to Indian school children reaching 
the r.^e of fourteen. Cecond , Thorndihe (l973b) sugr^ests that reading perform- 
ances In India were cufficiently low that the children were unable to read 
the student questionnaire?; that, therefore, many students resorted to 
random guessing. On the other hand, the language and thinking stage arguments 
were supported. For purposes of analysis those students reading below a 
designated level of performance were eliminated fi-om the sample as is pointed 
out in Appendix B. For these reasons the random guessing explanation might 
be discounted. 

Third, it is important to note that describing selected characteristics 
of a family is not the some as describing the socializing mechanisms; that is, 
how a fomiJy socializes children. It is conceivable that family character- 
istics in India fail to operate as viable proxies for family socializing 
treatments as in industrialized nations. Alternatively, there may be no 
significant differences in the socialising treatments preferred in Hindi- 
speaking India on the basis of socioeconomic differences; in which case the 
support for a null hypothesis is real, not spurious. Before reaching such a 
conclusion, however, further research is desirable. It is prudent not to pre- 
judge in these important nntt'-rf:; and especially because socializing differences 
explanations of natural science performances in India are viable. Note from 
Trible P.-^ f,he TCK's of father's occupational status on physics, and overall 
science performances; and the TCK of parontril education on chemistry, 

The fourth objective of this research is important because it concerns the 
relative effect of reading performance on njitural science performances while 
taking other determinants of science achievement into account simultaneously. 
Another way of stating the objective is as follows: to what extent are 
socializing differences, language factors and thinking stage explanations of 
achievements in the natural sciences complementary or competing arguments. 
As was pointed out in the findings section the three arguments in the case of 
both countries are complementary - each has to be considered. In view of the 
magnitude of the independent effects of reading on science outcomes, however, 
the relationship deser\'er. special consideration. 
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-.he i:— rr-iires' {1517, 1973—) pcsf^jJLete; r.ar:elv, that "rerfcrr:ar.ce readlrir, 
at least ^fter the laclc iecciirr r>illL are -asterei, is rrir-arilr ai: 
irlicatcr cf the irer.eral cf the indivl-r^ial' - thinkir:^ and reascrir.-: 

rrccreccer rather than a -ct distinct and specialized skills". It is reading 
in thi^ s^nse that acc^-jz-ts :cr its effectiveness as a ccmcn deteminant of 
th« cGvariatisr: hetveen the natural scier.ee suhtest jerfcmances (Tatle 3^5). 

7hc^-;,:h the T:.zrzzi'^e* s descrire the relaticnship "betveen readinr and 
reasoniniT theres;.' lus t ifyir^ their 'syncr.yrr/ ^ it is the Gocdr.an's that accC'JLnt 
for the T recess ^^-derlyinr readinr as reasor-inr. Their cveinr strateg:r thesis 
;r ccnrruent vith the reascnln^ thesis in that it describes the selective 
processes used in 1he reading act vhich are parad i ^riat i c of the reascninr 
rrccesr. /.rpl: sat icn cf cuein,T strategies invclve reacticns tc printed material 
ir- a n'-L-h=?r cf way- - -.hec>:r.^- validity, r.ahir.r inferences, dravini, ccrclusicns 
- a.:.: cf V' Ich r:iay ^, r^rarded as reascninr. T\/sz ^ althc^jrh. the Gccdr.an thesis 

net t'=*::ted in tr,is rcsearc". It promoted the forr::ulat icn cf the research 
h:-7ct:-ese::, anc the findinrs are crnrrMer.t vith the 'Vuessinr gane" readins 
Lz • 

Vr.::.ui teily, : rvrev^r , t:.e ^r'feetr^ of readirr cn natural ;:"ci^nce achieve- 
r.-'T.ts v*rre -ittenuat'^d V ;.■ ^i.e tnirkir.r stare faster. In loth cc^-Lntries the 
t;-:r.k:!:r variable prcv*^-:: a j^^v^r^'ul deterrin^nt of irc^ience cver-3.nd-ab;ve all 
cti-r ir'^ilctsrs. Tr.e x--'rc^T\t'^^^- effect f^.^ t i-- -^t c'' the t'-^ree intervening 
v';rl-:r:-- '-r- rr"/'rf: [r r-: i.^ ^ I* wiM r.,. ^ ] ^'-nt i r: Thvrir;- -:r. i 

r'. ' i r •:: r:- ;• nrr 'i!-:} t | ;...t:i 1:^1/::: n*.j IiJIti. 

r r ■ t i : - - ry , r r ^ic ^ : c -^.l w c r > ar. i . : :^ 1 r; ce t . r r cr> i rir-d t :>c t c f 1 ar./'^- ar*^ faster 
^^r ; tr-:r.>Ir.r rtt^.-^ v^ij^iaMc: ^^r*- rcre jov-rful ir. -■r.^land th::r; In InJia. Cir,ce 
* i r.t*^ r'. : r.r' v r'l i e,- - 'tt '^^^i al ly t i.e rc^riinr v-iriaMe - ar^.» th^ ^r.ez nert 
'^.'ir.ar'- '■ * i*"' ^ :i ' rl* ier , nr. i i.i.lnce t!,^:.e v^iriables b':^ve •ir"i:'^i'y 

rr-at^-r ir.:': -!.-- \ ■ ■ : ac^.TO^^r: i fa^-ter:,; in I^K t'^^r-:;, ther*^ T'-'tt little 
r, \ t'.'x* :--\,^;-:lr -.'.y ^ cc^-^r*. 'j\ 1 r juril ] er'^'c i"". a r.cer ! r t • 

>T'^: -cie:. ' . '.r^-'-r, t:.'^- rVir. s^* o^" r^a'::inr rr^'cceity t^e rinr-e 

w'-' rT'.! v^^^i'^!:^ in tfe fliw o**' ^^'ff^ct:: ceccntlrr - r r.'^tural 
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Tne taMe r.&y Ve read ac fcllovs: a ten percent increase in readinr; vlll 

I^'rc-T.t i----^^- ir rci-rcir ? forr^:'^nc<.' for i.;:.^; I'rh 
1'. .var-'ii'i l .y:-; or a ^.S [er'^ent Incr^^crc in ircierice jH?rrarr;^ncc for 
Indian year-old boys, ceteris paribus , rimilarly, if the three factors 
V^'CAI^, HIIUK and PEAD cculd each be sir.ultaneourlr irproved by 10 pe»-c^nt, 

resultant effect on science perf orr.anC'j vculd probably be in the rerion 
7 I'ercent in rr.^:land and 5.8 percent in India, ceteris paribus . 
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Cc r^clus 1 en s 

i. to forr-olate and test a general ncdel cf the structure of scholastic 
porf cmance ; 

r. to ropijlarice t;:e ncticn cf readinr. as a school dependent personality 
resource as3et, readily convertible in classrcor: treatment settings 
mt-o -.dditicnal desir*?d scholastic perfcmai'^ces j 

3- to dencnstrete the pivotal role that reading, as reasoning, plays in 
acco'^iting for natural science achievenents in physics, chenistr^', 
biology, practical vor>, and an overall science perforriance corposite; 

^. to test the proposition that socializing differences, language factors, 
and thirJr.ing stage argurzents are ccrplementary rather than ccr:peting 
explanations cf school achieven.ents in the content fields; 

5* t_ assess the extent to ^"hich reading as a school dependent resource 
translates the unequal sccioeccnonic and linguistic resources of 
children into unequal natural science achievenient s ; and 

C. to examine the operat'on cfthe structure of cchclastic perfcmance 
rodel in tvo culturally and econcnically different nations - England 
and India* 

It vac concluded, first, that the socializing differences argur.ent was 
iefenslMe in Lr^rland, t:ut lecfi so in India* '^'he extreme soclalizinr dif- 
fcrcncec orrur.-^^nt that child* c prorreijc thrcurh school is r.ore a function of 

f n ^ 'i\ I • t . . h !i r . -i h ♦ i i 1 V • i V o .1 V ; i c. w/r-. r \*"' ' ,1 e c t v \l . , c* \ lr ' .: * i c 
: • ::ou:-cf;:; uf c)iIi.irc^ ixv.-l tiivir rX^ui^ ^'^ th..::?li!:r had el'l'pcts en t}>- naturRtl 
.'ci'i.c*^ perf 'jrr.ar.cec o!* childr^r. vhicli were greater in ragnitude in both 
iinri, -jrid u:.u India th;;r. social Vachrround f -actors. 

I ' vfjrnl e/-[ost-f acto explanations of tiie alTr.oL-t negligib le irract of 
rocipJ. lacier ""our:! f'^.ctcrr, in India on reading ccrpetency an J scitiuce nchieve- 
vr^i.t's. '^J^trn ccnj i (i'-r^d * Tvo expl sanations S'jercd wortiy of further inverti- 
;'^:ti':r * Th'- flr. r n-'.vlor hcl i:: that by th^- a^-e of 1^ the f:frects oi social 
^•i rruT^.-itance.-: in Ir.dir. ray -ilr^^-ady have crerated; and that those beys vitii 
: Tf,-' : .clal V.Hi.'W ray h^ve alrrrady withdr-'ivn frcr foml cci ocj inr* 

yv,^, i:r^::r^y_\ oxfj.*::--* icf CTr'c^rr'.j ^h.r* di f ff-rr'nc^^c Cetv^on vhnt here c 1 rcur r t ancer 
I'-'', liw: vhn* t''-v . 'I'-.u-, in Tr-di-i t i^i] I fir^rrovn-: f^c*.cr'.' ra** not 
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operate adequate prcxies for the differences in the actiial sccialining 
treatments provided in the here. Alternatively, hone socializing treatments 
nay be rore ••-:..ifcrr: in India than in Ireland across sociceconcnic statiis 
rc'-mdaries. 

Because lariguage factors and thinking stage arguments vere independently 
operative :r. accounting for science perforr^ance it vas concluded that the 
three autoncr.ous explanaticns of scholastic perfcmances complemented one 
another. As expected, the piapetian position that achievements in xhe sciences 
are dezend-ir.z upon the attainment of formal operational thought vas strongly 
suj.rx:rted in roth co^-mtries. T::e test vas a stringent one in that the 
r''^/"--tian variable cperated cver-and-al^ove simultaneous consideration of 
•*:ve ot!:er contenders. Cf thei-e c**.er contenders, hcvever, the language 
factorr. proved particularly poverf-:!. Language factor arguments vere traced 
to the re-jeiit vcrk cf E.L. Triorndi'^e and the Goodman's, vrniie there are fev 
p^o-allels this century to the sustained intellectual effort in developmental 
psycholcry than that of Jean Tiaget, the results cf this research sugrest tr.at 
Thcrndike's vork in educational prycholog:/ and Kenneth Goodman's vork in 
applied psycholing^^ist ic also rerit cari-ful attention. 

The results of this research shov that reading as a policy manageable 
vari^itle ar.'^nat'le to vi tbin-classrocrr. treatments is tlie single moc^t poverful 
r.echr.r.isr.: J^novn for deterr.ining school achievements in physics, chcmistr:.', 
tiolor:;', !>ractical vor>, and overall scif^nce performance. This Is inter- 
j r'^t'-vi to rrean thr^t t'-richerr., individually ind collectively, my ] i t ir.at ely 
rt::. /•''.•.•.^.♦r r ' : ' I o [ i . ' 11 ' i 1 L t V ''or tfi** : nt f ] 1 f i-turt 1 pf r forriMnc*':- ol' iitud^nt:: 

than hcr»:to! '>rc; an.!, ly tho -r^-e tokr-n ^ r.ay l-e legitimately held accountatle 
for tlio quality of service they provido tiieir clientele. Because reading in 
hctlj an industriulized and a Third-World nation has been shown to he a cru- 
cially Ir pcrt^..t resource '^echanirrm in the structure of scholastic perforr.ances ; 
hrcau::'? thir riechanp^sn accounts for tlie tranrlaticri of socialising:; and lin- 
ruistic r^r.c'jrceL^ Into tiie additional dcrired resources of multiple suh,*ect- 
i-Tttt'-r ric^;I^'ver'^nt r ; nr;d rlr.ce these achievrr.ents cr nrititute irportant criteria 
::. tr.e r-^1 location of scarce r.ocietal r^r.ource'.: sucli as statuses, ir.corr.es, and 
ar:;r:-i.ntr.d j ::ycholori chI s^.t I s fact ions , it is easily concluded that no -^eacher 
1:: r'.r^ irp'-.rtant "^h-'ii. t;,*^ rcadinr t'^Fic-ier, 
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Attention rrirht be f:ivez, to the political implications of these findings. 
Individually reading teachers plav crucial roles in the initiation of pupils 
into the logic of reasoning. Collectively reading teachers represent a 
pcverful colitical force. The evidence suggests that there ^lay be no nore 
subtle vay of inpoverishing the cultural resources of a society than by 
placinr constraints on the opportunities that children have fcr learning how 
to read. Conversely, there vould seen to be no r:ore effective vay of liber- 
ating the intellect, of overccning cultural inpoverishment , than through the 
develcpr.ent of reading competency, and ipso facto of reason. 
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TECHNICAL APPENDIX A: INSTRUMENTATION 

Vlt purpose of this appendix Is twofold: a) to describe the ten variables 
constituting the anxxllary model, and b) to present their frequency distribu- 
tions. Where possible, the data for England and India are interposed for 
ease of comparison. 

(1) Variables 

oat^^i fn^?^^ Z Father's occupational status. Each national center partlcl- 
or^^ ^^ ^ three-subject survey was asked to design its own 

occupational status scale on the basis of whatever national norms were^n- 
nrnff^.""^? ^" En^l^nd. the procedure adooted was one in which 

? c"? cal Co^^rf 1^'' '"^'"^^^ ""^-d in cat^g^JLs 6 and 

/.Clerical workers, supervisory personnel, and service workers in cate^nr?^ 
5.4, and 3; skilled blue collar in cateeorv 2 unskm^/ t' ^^'^^Sories 

unclacjo^fiahio r,^^o^.,„ 1 . ^" category </. unskilled manual workers and 

unciassitiable personnel in categories 1 and 0. 

The father's occupational code, adopted in India, was more precise in that 
" ""^ employed. The differences in coding, attributable to 
the different economic systems in the two countries, made direct comparisons 
Impossible. In India, professional, managerial, and semi-professionals were 
ranked in categories 9.8, and 7; small businessmen, large scale farmers and 
clerical workers in categories 6,5, and 4. semi-skilled workers, farm labourers, 
and unskilled labourers in categories 3.2, and 1, and those without occupations, 
or unclasslflable, . were coded zero. 

X2 PARED - Parental Education . Both mother's and father's education were 
scored on a five category scale in terms of years of schooling: 0 years, 1-5, 
b-lU, 11-15, and greater than 15. These variables were added in order to 
estimate parental education. The variable was constructed in the same manner 
for both countries. 

X3 SIBSZ - Number of b rothars and sisters . In both countries, the variable 
was operationalized by the question: "How many brothers and ulsters have you?" 
The response categories (1-5) were: 0,1,2,3,4 or more. 

X/, VOCAB - Meaning vocnhulnry. The TEA word knowledge test, after correction 
KT RuoKslng, would seem to represent an accurate within-country estimate of 
a pupil s meaning vocabulary, and might be considered an acceptable proxy of 
verbal ability (Tl.orndik,.. 1973a, p. 36). It is assumed that the variation in 
test scores from country to country was a function of shifts in the dlscrlmatory 
power of some of the 40 test items after translation. Nevertheless, within 
country discrimination was satisfactory as indicated by K-R formula 20 reliability 
coefficients (Kuder and Richardson, 1937) of .833 for England and .812 for India. 
Raw scores in both countries were converted into percentages. 

X5 THINK - Piagetian thinking staple . Following Bergling (1974), item 
analysis data derived from multiple-choice items on the lEA science test were used 
to construct a plagetian thinking stage variable common to both English and 
Indian populations. The variable structure was established by means of scalogram 
analysis (Guttman, 1950). Tlie analysis is designed to examine the relationships 
between the scale items In which a perfect scale is one in which a person who 
passes an iLc'm of given difficulty will also pass any other item of lesser 
difficulty. Conversely, an individual who fails an item of given difficulty will 
also fall any othc?r item of greater difficulty. 
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Three considerations are briefly taken up: 

Consideration 1 - ordering response categories * 

The science test items had five distractors or response categories which 
would be ordered on the items selected for examination in a sequence from 
highest CO lowest. Piagetian theory dictated the three category order: 
where (3) was classified as formal operational thinking, (2) as concrete 
operational thinking, and (1) preoperational thinking. 

Consideration 2 - classifying distractors . 

Tlie validity of the constructed piagetian variable will be unacceptable 
unless the classifications are correct. The usual classification of dis« 
tructors is into "right" or "wrong" answers. The classification formal 
thinking, while always connected with the usual classification "right", 
could ?ilso be connected with a distractor with the usual classifi- 
cation "wrong", where the item in question could be classified as a logically 
correct response. More problemmatic perhaps was the separation of distractors 
normally classified as "wrongs" into pre-operational thinking and concrete 
operational thinking. What is important to note, however, is that "wrong" 
classifications in the sense of a distractor being an incorrect answer to 
a question could be an indicator of formal thinking; thus, it was possible 
for a student with little formal knowledge of science to be classified in 
the formal thinking category. It follows, then, that a student who failed 
to obtain the conventionally "right" answers to the scale items could still 
give the logically correct answers, thereby obtaining a "high" thinking stage 
score. 

Consideration 3 - scale reliability . 

Following Bergling (197A, p. 36) a scale was accepted as acceptable if it 
gave a coefficient of reproducibility of >.80 even though the general guideline 
given is that a coefficient of reproducibility greater than G.90 indicates a valid 
scale (Green, 195A, p. 356). This optimum figure is desirable because 
coefficients in tliis rnn^^e have little error of mensiirement bocansc sampling 
varinnce is 55mall; hence, their high reliability estimates. Neverthelesfl , 
coefficients of this magnitude are rare in the empirical literature. 

The scale adopted in this study was originally developed by the first 
authors for 14 year-old boys and girls in Sweden. It was arbitrarily 
applied to the England and India samples. Though the resultant scales are 
judged adequate for the purposes of falsifying the hypotheses generated by 
the structure of scholastic performance model, further manipulation of some 
of the item cutting points should result in Improvements in the magnitude 
of the coefficients of reproducibility for the two nations.* For the expert 
reader, the three coefficients - minimum marginal reproducibility, the 
percent improvement, and the coefficient of scalability - are also provided 
as aids to evaluating the scalability of the items. 



*Dr. Glen Clarke - a Memorial University colleaque - has recently achieved 
coefficients greater than .88 for United States and English data and .80 for 
India data. These results were obtained too late to rerun the analyses 
reported in this paper involving a more valid and accurate "THINK" variable. 
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TABLE A.l. 

Coefficients for Scales based on lEA Science Test Items^: 



COUNTRY 




COEFFICIENTSb 






1 


2 


3 


4 


England 


.811 


.670 


.141 


.427 


India 


.765 


.675 


.090 


.226 


U.S.A. c 


.851 


.723 


.129 


.464 



a) Results are for those boys who could read. The readability criterion was 
a score greater than one on the reading comprehension test after correction 
for guessing; where the correction for guessing formula was R-W/K-1 (R = 
no. correct answers, W = no. wrong answers, K ■ no. alternatives in multiple 
choice items) . 



b) 1 = coefficient of reproducibility 

2 « minimum marginal reproducibility 

3 « percent improvement 

4 = coefficient of scalability 

c) U.S.A. results are provided as a second industrialized nation referent. 
They may provide some further reassurance that models of the kind being 
tested remain stable despite being tested on data from a variety of 
nations. It is unfortunate that at the present stage of the ongoing 
research, an additional Ihird World referent could not be provided. 
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Because thinking stage is regarded as a partial function of age, the 
variable was transformed into a thinking stage quotient by dividing the 
absolute thinking stage score by the respondent's age in months and 
multiplying by a constant so that it became a percentage figure. Thus, 
thinking stage is not an absolute quantity but, rather, a quotient or 
quantity relative to age varying from a low of zero to a high of one 
hundred. 

X6 READ - Reading comprehension . The Thomdike (1973a, Chap. 2) 
reading comprehension test, corrected for guessing, was used in two ways. 
First, it was used to define illiteracy in order that illiterates could be 
eliminated from the samples. The correction for guessing formula (see 
footnote (a) to Table A.l above) allows for a score of 0.0 by random guessing. 
In order to permit the study of the largest possible samples, the liberal 
cut-off point of scores greater than one was used. This eliminated 100 - 
(1289/1821) X 100 = 29.2 percent of the India sample, and 100 - (1419/1474) 
X 100 =3.7 percent of the England sample. Secondly, the test was used as 
the measure of the reading comprehension variable. The tests consisted of 
reading passages followed by multiple choice questions designed to cover a 
wide range of reading skills. The K-R 20 formula provided reliability 
coefficients in England of .887, and in India of .684. The India K-R 20 
coefficient might not normally be regarded as high enough to permit useful 
studies of individual correlates of reading. In the present instance, 
however, the non-readers - 29 percent of the total - were eliminated from 
the India sample. By definition, reliability is the tendency toward 
consistency from one set of measurements to another. Undoubtedly, much of 
the unreliability of the reading test in India was attributable to the 
presence of pupils who randomly guessed at test items because of their 
reading disability. By eliminating mere "guesses" from the sample, it 
is predicted that the reliability of the test sample would approximate the 
median reliability of .85 for the fifteen lEA countries taking part in the 
reading survey. Note that the corrected reading score was transformed into 
a percentage figure. 

Xy thru X^Q Physics, chemistry, biology, practical . The test items 
and the test construction procedures of the lEA science committee are 
described in comber and Keeve?; (1973, chap. 2, Appendix ix, and xill). The 
ovorall science test score for each child was based on an additive combination 
of four sub- test scores in physics, chemistry, biology, and practical work. 
Only about ten questions were related to each subtest area in order to limit 
testing time to about one hour. The result was that subtest reliabilities 
were on the modest side, though, the overall K-R 20 reliability coefficient 
in science was high enough (median value = .83) to permit useful correlates 
of it. The relevant science test reliabilities for India and England are 
provided in Table A. 2. All subtest science scores were converted into 
percentages* 
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Science Test Reliabilities 


TABLE A. 2. 
for England and India 


(Kuder-Richardson 20)^ 


TESTS 


ENGLAND^ 


INDIA^ 


Science Total 


.89 


.78 


Physics 


.72 


.56 


Chemistry 


.70 


.52 


Biology 


.60 


.32 


Practical 


.68 


.48 



a) Source: Comber & Keeves (1973, p. 396) 

b) In both England and India some boys were included in the samples even 
though they fell outside the age range (l-.O - 14.11). These "outsiders** 
were eliminated from the test sample. Similarly, illiterates were 
eliminated. Since the eliminated pupils were likely to constitute the 
ma.iority of the random guessers,it is predicted, but not demonstrated 

here, that some of the moderate sub-test coefficients will be strengthened 
by their elimination from the test sample. 

(2) Frequency Distributions 

The dispersion statistics for the ten variables are presented in Table 

A. 3. 
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Kiivjr*^ A.L: M^mhs. St.inif.ir.l D^^v lat iuns , Kurtoflsis, SkewnoKS, Minimum and 
Mcixlmura Scores. Cise B.ise. .md Missing D;it.i for Variables 
I?irltiiie(i in tii«> <.f-n^»ral of thv' Str.u ture *>f Srhol astir 

P''rf<^rm.ia. r in Kn«;IaacI md Iiuil,* (Boys onlv) i. 



TAntE A. 3. 





X 


s I> 


' u f t - 
o -^ i s 


Si- 

no H s 




?1. IX i iTKiTn 


B.I St-? 


rm- - 


Xj rATHO(:c 


2.8 
3.9 


1,8 
1.7 


-0.02 
0.5 


0.86 
1.19 


0.0 
0.0 


7.0 
9.0 


1467 
1209 


1.0 
8.8 




6.5 


1.3 
2.0 


1.29 
0.92 


-0.23 
1.23 


2.0 
2.0 


10.0 
10. 0 


1412 
1288 


4.7 
2.7 


X3 SIBSZ 


3.2 
4.2 


1.3 
1.1 


-1.2 
0.90 


0.09 
-K32 


1.0 
1.0 


5.0 

5.0 


1473 
1294 


0.6 
2.3 


X4 VOCAR* 


37.0 
13.9 


23.4 

22.0 


-0,15 
0.25 


-0.26 
0.54 


-24.7 
-24.7 


IOO..0 
95.0 


1475 
1271 


0.5 
4.0 


X5 PUNK* 


52.6 
42.3 


22.0 
21.8 


-0.51 

-0.35 


0.00 
0.09 


0.0 
0.0 


96.6 
99.5 


1247 
1091 


15.8 
17.6 


Xfj REAL* 


48.0 
l^. 3 


20.6 
1 I 7 


*0.75 


-0, IB 

1 1 <c 
i . i 3 


2.5 
2.5 


94. <^ 

59.0 


1419 
1289 


4.2 
2.6 


X7 TKYSICS* 


40. 3 
l«.2 


21.6 


-0. 19 
0. 


0. 30 
0. 70 


-17,7 
-20.0 


100.0^3 
84.1 


1421 
1277 


-i. 1 
3.5 




22. 3 
10. 1 


21. 3 
16.4 


0. 3ft 
1.52 


0. 70 
0.95 


-» "C 
-24.7 


100.0(1 
81.6 


1420 
1264 


4.2 
4.5 


X9 hfuUX'T* 


2;. 6 ! 


1 3.4 


Cx. 0 0 


0. 'J4 
0. 4« 


-1 7.9 
-24.7 


93.7 
^7.4 


U21 
1277 


4.1 
1.5 




4 




-0. i: 




-\M.5 j 

. s 


100.0 


1 An* 
12 M 


7.« 




11.7 


1 7. « 
11. 1 


n . in 


0. 70 
1.13 


-11.5 

-12.4 


ft7.5 
62.9 


1471 
12^ 


4.1 
3.5 



a) ^t.lti^tir?^ f-r F^^l^r<! or t^^r urr^'r U-e; ^^r^t^it i«t Ic^ fs^r Indian or. the hottc'i linf>, 

b) <rrm:F » Xr ♦ X^ * X.^ ^ r,... r.^ ^clc?^c.- <c<vr.. r.Tr^'ct*»d for ?iuc<slnc v,,55 
t r.^n^ f ..•♦t jwd into pf>rr#^nr ^f.«p fisr-irr 



* r« ^^^^^ J- c r r «: vir r p (' r t r c t f c r « i •* r 
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TrCHNICAL AFPKNniX fe; STATISTICAL RESULTS 



Five sets of data are presented In Appendix B. First, the zerr-^order 
correlations betwt-^en the variables in the tnodel of the structure of scholastic 
performance are presented in Table B.l. Second, the correlations are used to 
generate the structural coefficients for a full-identified model by ordinary 
least squares. These comparisons are presented in Table Thirdly, the 

total causal e'^fects of predicted variables are presented In Table b/3,., 
followed by a summary Table (P. 4.) in which tbo total causal effects -^re 
ranked for ease of reference. Tables R.5. and B.f). relate to the interpre- 
tation of resldMal scores. Finally, using India data from Table B.2. a 
resprc ified final form patli nc^del is presor-^ed. 
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Table B.l Correlations, Means, Standard Deviations, and Case 3ase of Variables In the Model of the Structure 
of Scholastic for England and India, (a) 



VARIABLES 


\ 








s 


h 


^7 


^8 


s 




^1 


X 


SD 


CASES 


XjFArHOCC 




.242 


-.171 


.31. 


.129 


.295 


.279 


.235 


.249 


,111 


.307 


2.83 


1.8 


J 467 


X, PARED 


.360 




-.081 


pi 


.074 


.129 


.124 


.138 


.161 


.162 


.171 


6.5 


1.3 


1412 


X^S1BS2 


.041 


-.025 




-.182 


-.091 


-.166 


-.165 


-.145 

i — 


-.163 


-.184 


4- 

-.195 


3.2 


1.3 


1473 


X.VOCAli 


.041 


-.010 


.023 




.287 


.647 .311 
1 


.503 


.479 


.509 


.591 


37.0 


23.4 


1475 


X. THINK 
) 


-.052 


.000 


-.004 


.107 




.365 


.398 


.406 


.448 


.358 


.469 


52.6 


22.0 


1247 


X,R£AD 

0 


.012 


.031 


.033 


.364 


.087 




.638 


.592 


.585 


.610 


.716 


48.0 


20.6 


1419 


XJHYSICS 


.136 


.103 


-.001 


.345 


.186 


.386 




.642 


.588 


.681 


.874 


40.3 


21.6 


1421 


Xa'HLMISTRY 


.101 


in 


.009 


.290 


.224 


.400 


.471 




.569 


.666 


,847 


22.3 


21.3 


1420 


X.BIOLCa 


.0-: 


.cso 


.025 


.29' 


.233 


.;75| 


.333 


.240 




.591 


.791 


27.6 


18.9 


1421 


\ PRACIICAL 
10 










»uoo 


.329 


.403 


/ irt 
.439 


.266 




0 T i 

.873 


24. J 


21.9 




1408 




.:40 


.132 


.019 


.421 




.431 


.808 


.755 


.596 


.720 




28.8 


r;.8 


1421 


X 


3.9 


3.8 


4.2 


13.9 


42.J 


16.3 


18.2 


10.3 


12.0 


6.4 


n.7 










i.; 


^ • c 


1.1 


22.0 


21.8 


11.7 


16.8 


16.4 


13.4 


14.4 


11. 1 










1205 


125S 


1294 


1271 


1091 


1289 


1277 


1264 


1277 


1221 


1277 









fnglish data ibcve dlagcr.il; India data belov the diagoul. 




Table B2. England/India comparisons of the structural coe.'ficients fo 
Ordinary Least Squares: (1) Regresrion Coefficients, (II) 



Independ- 
ent 
Variables 


depende!:t 




VOCAB 




THINK(X5) 


READ(X6) 


PHYSICS (Xy) 




I 


II 


III 


I 


II 


III 


I 


IT 


III 


I 


II 


III 




FATHOCC 


1 3.745 
: .656 


.281 
.051 


.349 

/HQ 


.400 
-.839 


.032 
-.065 


.377 
.434 


.990 
-.106 


.084 
-.015 


-j 

.271 
.218 


.850 
1.125 


.069 
.114 


.287 
.296 




PARED 


.761 
-.311 


t 

.043 
-.028 


.459 

• J J i 


.515 
.271 


.031 
.025 


.477 
.374 


.379 
.241 


.024 
.041 


.343 
.1.88 


.254 

.470 


.015 
.C55 


.361 
.254 




X. SIBSZ U.359 

1 ! 


-.130 
.020 


.463 
.602 


-.586 
-.064 


-.034 
-.003 


.485 
.640 


-.503 
.293 


-.031 
.027 


.349 
.321 


-.593 
-.283 


-.035 
-.018 


.368 
.435 




j 

X, VOCAB 

1 

t 

! 








.252 
.109 


.267 
.110 


.C2B 
.031 


.493 
.190 


.558 
.360 


.021 
.016 


.123 
.167 


.133 
.220 


.026 
.023 




X. THINK i ^ 

1 j 










.177 
.026 


.189 
.048 


.021 
.016 


.177 
.110 


.160 
. 143 


.023 
.022 




X. READ 


1 
( 
t 

i 






1 
1 








1 





.480 
.419 


.458 
.291 


.030 
.043 




Residual .939 
.998 


.956 
.992 


.733 1 
.929 1 




.736 
.£74 




Constant { 

i 


26.938 
15.653 


40.678 
42.744 


16.730 
9.848 


i.l93 
-1.472 

■ 


lOOR^ j 


11.733 
.003 


8.626 
1.524 


46.334 
13.725 


45. £93 
23.642 
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a) Statistics for England on the upper line; statistics for India cn 



Table B.3 Total Causal Effects of Tredictor Variables for Scholastic 
Performances In the Natural Sciences: England/India 
Comparisons for M^ile Pupils (a) 



(1) 


i 

(2) 




(3) 

Total Indirect 


(4) 


(5) 


Independent 
Variables 


Dependent 
Variables 


Effects Through 

Intorvenlng 

Variables 


Effect 


Total 

Causal 

Effect 


X J FATIIOCC 


X, VOCAB 


- 


.281 
.051 


.281 
.031 




X.rrfINK 


.075 
.006 


.032 
-.065 


. 107 
-.059 




X READ 

0 


. i / / 

.015 


.084 
-.015 


.261 
.000 




X^PHYSICS 


.175 
.003 


.069 
.114 


.244 
.117 




X^CHFillSTRY 
o 


.171 

-.008 


.024 
.069 


.195 
.061 




Xj^nioux;Y 


. 167 
-.004 


.040 
.026 


.207 




XjQrKACTlC.\L 


.170 
.003 


.0^4 
.079 


.224 
.082 




Xj^SCIENCE 


.201 
.003 


.058 
.103 


.259 
.106 
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Table 8.3 cont'd. 



\ * / 




\^ } 






X PARKD 


X, VOCAB 




.043 


.043 

- . U^o 




X. THINK 


.011 

j» UU J 


.031 


.042 




X.R^JVD 
o 


.032 


.024 


.056 




X-PHYSICS 

7 


.039 


.015 


.054 
. OoO 




XqCHF^IISTRY 
o 


.038 


.044 
. Ooo 


.082 
111 




X,, BIOLOGY 


.03'.. 


.064 
.038 


.102 

. 057 




X,,, PRACTICAL 
10 


.030 
.019 


.059 
. 058 


.095 
. 077 




X, .SCIENCE 
1 1 


.045 
. UUo 


.052 
. 086 


.097 
. C94 


X,SIBS2 
J 


X, VOCAB 




-.130 

Air* 

. 020 


-.130 
. 020 




X^THINK 


-.035 
. 002 


-.034 
-.003 


-.069 
-.001 




X^ Ki^M) 
n 




-.0^3 


-.031 
. 02 7 


-. I 16 

. 02o 




X^PHYSICS 


-^.111 

.004 


-.035 
-.018 


-.U6 
-.014 




XqCHF211STRY 
o 


-.082 

.003 


-.022 
-.004 


-.104 
-.001 




X^BIOLOCY 


-.079 
.004 


-.041 
.015 


-.120 
.019 




Xj^PRiVCTICAL 


-.080 
.004 


-.057 
.010 


-.137 
.014 




X J jSCIF-NCF: 


-.092 

.Q\2 


-.047 
.000 


-.139 
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Table B,3 cont*d 



n 



(1) 



X, VOCAB 
4 



X^THINK 



(2) 



(3) 



X^THINK 



X.READ 
o 



.050 
.005 



X^FHYSICS 



XgCHEMISTRY 



.327 
. 122 



.290 
. 139 



BIOLOGY 



Xjyl'Ki\CTlCAL 



Xj jSClKNCE 



X^READ 

D 



x^rwYsics 



X^rilLMlSTKY 



x^biolo(;y 



Xj^PRACTlCVL 



Xj jSCIKNCE 



.299 
.087 



.294 
.096 



.367 
.154 



.087 
.014 



.073 
.016 

.071 
.009 



.080 
.012 



.092 
.017 



(4) 



.267 
.110 



.558 
.360 



. 133 
.220 



.177 
. 150 



.132 
.209 



,161 
181 



.178 
.264 



. 189 
.048 



.180 
.143 



.206 



.259 
- 199 



-141 
.029 



-225 
. 190 



(5) 



.267 
.110 



.608 
.365 



.460 
.342 



.467 
.289 



.431 
.296 



.455 
.277 



.545 
.418 



. 189 
.048 



.267 
. 157 



.279 
. I<t9 



.330 
.208 



.221 
.041 



-317 
.207 
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Table B.3 cont'd 



(1) 


(2) 


(3) 


(A) 


(5) 


X.READ 
o 


X^PHYSICS 


- 


.458 
.291 


.458 
.291 




x^chu:mistry 

o 




.386 
.325 


.386 
.325 




BIOLOGY 




.378 
.179 


.378 
.179 




XjqPRACTICAL 




.421 
.257 


.421 
.257 




Xj ^SCIENCE 




.487 
.365 


.487 
.365 



a) Statistics for England on the upper line. Statistics for India on 
the lower line in each instance. 
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Table B.4 Within - Country Rank Ordering of Total Causal Effects of Predictor Variables on Endogenous Variables: - 
England/ India Comparisons, (a) 







R A 


N K ORDER 


Predictor 


VOCAB 


TRIE 


READ 


PHYSICS 


CHEISTRY 


BIOLOGY 


PRACTICAL 


SCIENCE 


XjFATHOCC 


1 .281 
1 .051 


? 1(17 

1 -.059 


5 JOO 


k .117 


^ .195 
5 ,061 


4 .207 

5 i22 


3 .224 
3 .082 


4 .259 
4 .106 


X<,PARED 


3 .043 
2 -M 


3 T028 


2 .052 


0 

5 .080 


4 .113 


6 .102 
4 .057 


6 .095 
6 .007 


6 .097 
5 .094 


X^S1BS2 


1 -.130 

3 M 


3 -.069 

^ -M. 

■■■ 


4 - 116 


5 - Ufi 

6 'M 


6 


6 m_ 


J *.iJ/ 
5 J14 


5 -.139 

6 m 


XJOCAB 




1 .267 
1 .110 


1 .608 
1 .365 


1 .460 
1 ,342 


1 .467 

2 .289 


1 .^t31 
1 .296 


1 .455 
1 .277 


1 .545 
1 .418 


XjTHINK 






3 .189 

3 M 


3 .267 
3 .157 


3 .279 
3 .199 


3 .330 
2 .208 


4 .221 

^ Jil 


3 .317 
3 .207 


X.READ 

0 








2 .458 
2 .291 


2 .386 

1 .325 


2 .378 

3 .179 


2 .421 
2 .257 


2 .487 
2 .365 



(a) The total causal effects are to the right of the rank order figures in each column. Note that these total 
causal effects are relative not absolute totals. The underlined TCE's are considered to be of negligible 
substantive significance. 
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Table B.5 Correlations Between the Residuals of the Natural Science 
Outcomes: India/England Comparisons (a) 



Variable 




^8 


^9 


^10 


X^PHYSICS J 




.370 
.315 


.272 
.189 


.435 
.272 


X-CHEMISTRY f 
o I 


.642 
.471 




.259 
.069 


.430 
.324 


X BIOLOGY E 
I 


.588 
.338 


.569 
.240 




.303 
.152 


y... PRACTICAL 


.681 
.403 


.666 
.439 


.591 
.266 





(a) Partial correlations controlling for all antecedent variables above 

the diagonal; zero-order relationships below the diagonal. Statistics 
for England on upper line; and for India on the lower line. 
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Table B.6 Proportion of Covariance Between Natural Science 

Performances Accounted for by the Antecedent Variables, (a) 



Variable 


^7 


^8 




^10 


X^PHYSICS ^ 




.424 
.331 


.537 
.441 


.361 
.325 


XqCHEMISTKY ^ 
o 1 






.545 
.754 


.354 
.262 


XgBIOLOGY ^ 








.487 
.428 


X^qPRACTICAL ^ 











(a) Statistics for England on upper line; and for India on lower line. 
Median proportions: England = .455; India = .379. 



Figure B.l Respecified Path Model of the Structure of Natural 

Science Performances for 14 Year-Old Boys in India, (a) 




THINK 



% X.,PHYSICS ^ .874 



X CHEMISTRY ^ .876 e^ 
o <— — 8 



^ X BIOLOGY ^ .916 e 



>. X^qPRACTICAL ^ .921 e^^ 




(a) 



Path coefficient approximations may be obtained from Table B.2. 
The correlations between the residuals may be obtained from 
Table B.5. The model differs from the conceptual model 
(Figure 1.1.) in that the SlBSZCX,) variable has been dropped 
and the V0CAB(X4) and THINK(X5) variables have been made into 
source variables. 
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